A total of 1,215 pigs (PIC 1050 × 280; initially 11.7 lb BW) were used in a 42-d growth trial to determine the effects of ZnO, Zn hydroxychloride (IntelliBond Z; IBZ), and tri-basic copper chloride (IntelliBond C; IBC) on growth performance of nursery pigs. Pigs were allotted by pen weight and assigned to 1 of 5 dietary treatments. Treatments consisted of added Zn as ZnO (3,000 ppm in phase 1 and 2,000 ppm in phase 2); Zn hydroxychloride (IBZ; 1,000 ppm in phase 1 and phase 2); and Cu as tri-basic copper chloride (200 ppm), alone or in combination, as follows: 1) Cu only; 2) ZnO only; 3) ZnO and Cu; 4) IBZ only; and 5) IBZ and Cu. Experimental diets were fed from d 0 to 21. From d 21 to 42, pigs were fed a common diet that contained 200 ppm Cu from tri-basic copper chloride but no additional Zn other than that provided by the trace mineral premix.
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Summary
A total of 1,215 pigs (PIC 1050 × 280; initially 11.7 lb BW) were used in a 42-d growth trial to determine the effects of ZnO, Zn hydroxychloride (IntelliBond Z; IBZ), and tri-basic copper chloride (IntelliBond C; IBC) on growth performance of nursery pigs. Pigs were allotted by pen weight and assigned to 1 of 5 dietary treatments. Treatments consisted of added Zn as ZnO (3,000 ppm in phase 1 and 2,000 ppm in phase 2); Zn hydroxychloride (IBZ; 1,000 ppm in phase 1 and phase 2); and Cu as tri-basic copper chloride (200 ppm), alone or in combination, as follows: 1) Cu only; 2) ZnO only; 3) ZnO and Cu; 4) IBZ only; and 5) IBZ and Cu. Experimental diets were fed from d 0 to 21. From d 21 to 42, pigs were fed a common diet that contained 200 ppm Cu from tri-basic copper chloride but no additional Zn other than that provided by the trace mineral premix.
From d 0 to 21, there was a tendency (P = 0.073) for interaction between Zn source and Cu for ADG, where the addition of Cu to ZnO diets increased ADG; whereas, adding Cu to IBZ diets decreased ADG. Pigs fed added ZnO had greater ADFI (P = 0.018), ADG (P = 0.033), and BW on d 21 (P = 0.042) than those fed added IBZ.
From d 21 to 42, pigs previously fed diets with ZnO had greater ADFI (P = 0.040) and a tendency (P = 0.071) for poorer F/G than those previously fed Cu only. Overall, feeding diets with ZnO resulted in greater ADFI (P = 0.026) compared to feeding the diet with Cu only. There was a tendency (P = 0.053) for decreased removal rate when IBZ was added to the diet compared to only adding Cu. Overall, pigs fed diets with ZnO had greater ADFI (P = 0.048) and a tendency (P = 0.074) for increased ADG compared to pigs fed diets with added IBZ.
Feed cost marginally increased (P = 0.064) with the addition of ZnO compared to IBZ. Diets with ZnO resulted in greater feed cost (P = 0.018) and a tendency for higher revenue (P = 0.062) compared to the diet with Cu only. Similarly, diets with added IBZ resulted in tendencies for greater feed cost (P = 0.070), revenue (P = 0.052), and income over feed cost (IOFC) (P = 0.071) compared to the diet with Cu only.
The results suggest that there are no additive effects of Zn and Cu and no major differences in performance between pigs fed diets with added Zn or Cu. Pigs fed diets with higher levels of ZnO had improved performance compared to those fed added IBZ.
Introduction
The positive effects of pharmacological concentrations of Zn and Cu on growth performance of nursery pigs are well described with the concentrations required to produce optimal responses have been reported as 3,000 ppm of Zn from ZnO 3 and 250 ppm of Cu from CuSO 4 . 4 The additive effects of supplementation of Zn and Cu are controversial. Hill et al. (2000) 5 did not observe additive effects, while Pérez et al. 3 observed improved growth performance when both minerals were added to nursery pig diets. However, adding pharmacological concentrations of Zn and Cu have raised environmental concerns. The minerals are inert and non-degradable in the manure and in the environment, posing risks to long term soil quality by impairing essential ecosystems. 6 Therefore, different strategies and sources should be considered as alternatives to traditional supplementation of Zn and Cu.
Zinc hydroxychloride and tri-basic copper chloride (Micronutrients, Indianapolis, IN) are manufactured using a patented process reacting high purity forms of the desired trace metal with water and hydrochloric acid. This process forms hydroxychloride crystals that contain the trace metal covalently bonded to hydroxyl groups and to chloride. The covalent bonds are expected to reduce reactiveness with other components of the diet and to improve bioavailability. There is not a lot of research that compares the effect of supplementing Zn as ZnO or Zn hydroxychloride and/or Cu as tri-basic copper chloride on growth performance of nursery pigs. Therefore, the objective of this study was to determine the impact of Zn as ZnO or Zn hydroxychloride and Cu as tri-basic copper chloride, added alone or in combination, on growth performance of nursery pigs.
Procedures
The Kansas State University Institutional Animal Care and Use Committee approved the protocol used in this experiment. The study was conducted at a commercial research nursery barn in southwestern MN. The facility was totally enclosed, environmentally controlled, and mechanically ventilated. Each pen was equipped with a 6-hole dry selffeeder (SDI Industries, Alexandria, SD) and a pan waterer for ad libitum access to feed and water.
A total of 1,215 weanling pigs (PIC 1050 × 280; initial BW of 11.7 ± 0.18 lb) were used in a 42-d growth trial. There were 9 pens per treatment and 27 pigs per pen. Daily feed additions to each pen were accomplished using a robotic feeding system (FeedPro; Feedlogic Corp., Wilmar, MN) capable of recording feed deliveries for individual pens.
Pens were blocked by weight and randomly assigned to dietary treatment within weight blocks. Five treatments were created consisting of supplementation of Zn as ZnO (3,000 ppm in phase 1 and 2,000 ppm in phase 2); Zn hydroxychloride (IntelliBond Z; IBZ; 1,000 ppm in phase 1 and phase 2), and Cu as tri-basic copper chloride (IntelliBond C; 200 ppm), alone or in combination, as follows: 1) Cu only; 2) ZnO only; 3) ZnO and Cu; 4) IBZ only; and 5) IBZ and Cu. Dietary treatments (Table 1) were offered during phases 1 (d 0 to 7) and 2 (d 7 to 21). From d 21 to 42, pigs were fed a common diet that contained 200 ppm Cu from tri-basic copper chloride but no additional Zn other than that provided by the trace mineral premix. All diets contained a trace mineral premix that contributed 111 ppm Zn from zinc sulfate and 17 ppm Cu from copper sulfate. Pen BW and feed disappearance were measured on d 0, 7, 15, 21, 28, 35, and 42 to calculate ADG, ADFI, and F/G.
Feed cost, revenue, and IOFC were calculated on a pen basis. Feed cost was calculated by multiplying pen feed intake by diet cost. The basal diet cost was $639.20/ton for phase 1 and $533.43/ton for phase 2. Treatments IBZ, IBC, and ZnO were valued at $2.95/lb, $3.68/lb, and $1.10/lb, respectively. Phase 3 common diet was valued at $389.87. Revenue was calculated by multiplying 42 d pen weight by an assumed live price of $0.42/lb. To calculate IOFC, feed cost was subtracted from revenue. The IOFC per pig placed was calculated by dividing pen IOFC by number of pigs placed.
Data were analyzed using the GLIMMIX procedure of SAS version 9.4 (SAS Institute, Inc., Cary, NC) with pen as the experimental unit. The statistical model included treatment as a fixed effect and block as a random effect. Results were considered significant at P ≤ 0.05 and marginally significance at 0.05 < P ≤ 0.10.
Results and Discussion
Chemical analysis of complete diets are presented in Table 2 . Crude protein, total Ca, and total P levels were similar among treatments. The total analyzed Zn levels of diets formulated to 3,000, 2,000, or 1,000 ppm Zn were in general agreement with calculated values. However, diets formulated without supplemental Zn had higher analyzed values than expected.
Interactive effects of Zn and Cu are shown in Table 3 and main effects of Zn and Cu are shown in Table 4 . There was a marginally significant interaction (P = 0.073) for ADG from d 0 to 21. The addition of Cu to diets containing ZnO resulted in greater ADG; however, adding Cu to IBZ diets decreased ADG. From d 0 to 21, pigs fed added ZnO had increased ADFI (P = 0.020), ADG (P = 0.023), and d 21 BW (P = 0.035) compared with those fed added IBZ. From d 21 to 42, pigs fed diets with ZnO had greater ADFI (P = 0.040) and marginally significant poorer (P = 0.071) F/G than those fed diets containing Cu only.
Overall, pigs fed diets with ZnO had greater ADFI (P = 0.049) and marginally better ADG (P = 0.079) compared to pigs fed diets with IBZ. Feeding diets with ZnO resulted in greater ADFI (P = 0.026) compared to diets with Cu only. There was no evidence for differences in growth performance between pigs fed diets with IBZ and Cu only (P > 0.10). There was a marginally (P = 0.053) significant decreased pig removal rate when IBZ was supplemented compared to Cu only.
There was no evidence for interactions between Zn and Cu on economic variables ( Table 2 ). Pigs fed diets with ZnO had higher feed cost (P = 0.018) and had marginally significant higher revenue (P = 0.062) compared pigs fed diets with Cu only. Similarly, pigs fed diets supplemented with IBZ resulted in tendencies for greater feed cost (P = 0.070), revenue (P = 0.052), and IOFC (P = 0.071) compared to diets with Cu only. Pigs fed diets supplemented with ZnO had marginally significant higher feed cost compared to those fed IBZ (P = 0.064).
In summary, the addition of higher levels of ZnO resulted in improved performance compared to IBZ with little interactive effect observed between Zn and Cu. Overall, there was no evidence for differences in performance between pigs fed diets with Cu and pigs fed Zn from either ZnO or IBZ. In this trial, ZnO was supplemented at 3,000 ppm in phase 1 and 2,000 ppm in phase 2, whereas IBZ was supplemented at 1,000 ppm in phases 1 and 2. Therefore, the differences observed may be explained by Zn source but also by Zn level. The discrepancy between calculated and analyzed Zn values should also be acknowledged when interpreting the results of this study. Further research could evaluate the supplementation of IBZ at higher inclusion levels. 
